Evolutionarily conserved and divergent regulatory sequences in the fish rod opsin promoter.
Fish have multiple types and subtypes of opsin genes that are expressed in a highly regulated manner in retinal photoreceptor cells. In the rod opsin proximal promoter region (RPPR) of zebrafish (Danio rerio), the BAT 1 regulatory region contains highly conserved OTX (GATTA) and OTX-like (TATTA) sequences that can be recognized by the mammalian cone-rod homeobox (CRX) protein. However, binding of zebrafish crx to the OTX sequence has remained elusive. In contrast to the BAT 1 region, the Ret 1 region, located approximately 20 bp upstream of the BAT 1 region in mammals, is not conserved in zebrafish. In the Ret 1 region, even the core OTX-like sequence (AATTA sequence in mammals) is destructed. We show in this study that a region between Ret 1 and BAT 1 (denoted IRB, Inter-Ret 1-BAT 1) is highly conserved among fish species. Using electrophoretic mobility shift assay (EMSA), we show that zebrafish crx binds to the conserved OTX sequence and that the fish-specific IRB region specifically binds elements present in both retinal and brain nuclear extracts of zebrafish. These results imply that the regulatory mechanisms of opsin gene expression consist not only of evolutionarily conserved but also of divergent machinery among different animal taxa.